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Introduction
The polymerase chain reaction (PCR) is a tech-
nique for the in vitro amplification of specific DNA
sequences by the simultaneous primer extension
of complementary strands of DNA. The PCR is a
major development in analyses of DNA and RNA
because it has both simplified existing technology
and enabled a rapid development of new techniques
which would not otherwise have been possible (Tay-
lor, 1991). The PCR technique enables the specific
amplification and hence detection of target DNA
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sequences from complex mixtures of nucleic acid.
A combination of short, specific primers and ther-
mostable DNA polymerases are used to amplify the
target sequence through repeated cycles of dena-
turation, annealing, and DNA synthesis at high
temperatures, allowing an exponential increase in
the amount of the DNA of interest. By the addition
of a reverse-transcription (RT) step PCR can also
be applied to cDNA generated from RNA templates
(Seal and Coates, 1998).
Prunus necrotic ringspot virus (PNRSV) is the
most common virus of cultivated species of Prunus
and some other Rosaceous plants. It occurs in many
strains and forms, some of which cause serious dis-
eases in fruit trees (Nyland et al., 1976). The virus
is transmissible through grafting and also by pol-
len and seeds (Gilmer and Way, 1961; Marenaud
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and Llacer, 1976; Gella, 1980). Since the virus has
many strains, in some species, the effect may de-
pend on the particular virus strain involved (Mink,
1992).
Reliable detection of PNRSV is required in cer-
tification schemes aimed at guaranteeing virus-
tested propagation material to the fruit growing
industry and preventing entry of imported PNRSV-
infected plant materials (Stain et al., 1987). PCR
is a well-established, highly sensitive diagnostic
tool that has been shown to be superior for certain
plant viruses over the commonly used serological
methods (Vunsh et al., 1990). Despite such assays,
detection is still severely hampered by the uneven
distribution of viruses in infected trees (Nemeth,
1986).
In the last decade, numerous studies have ap-
peared reporting the reliability of the RT-PCR tech-
nique in the detection of PNRSV (Spiegel et al.,
1996; Malinowski, 1997; Rosner et al., 1997; Me-
kuria et al., 2003). Most of these studies have fo-
cused on enhancing the detection sensitivity of RT-
PCR (Navarro et al., 1998; Helguera et al., 2001a;
Helguera et al., 2001b).
Although PCR is now a routine technique in
many laboratories, there are still many problems
in getting good, reproducible amplifications (Seal
and Coates, 1998). It is already clear however that
no single protocol will be appropriate to all situa-
tions (Innis and Gelfand, 1990). In diagnostic lab-
oratories the use of PCR is limited by its cost, and
sometimes by the lack of an adequate test sample
volume.
Though the RT-PCR is basically simple, success-
ful performance depends on a number of factors.
Numerous papers and manuals discuss in detail
the conditions influencing the quality of PCR in
general, but relatively little has been published
about important experimental factors and difficul-
ties frequently encountered with RT-PCR. This
study presents a brief overview of some critical PCR
parameters and strategies for optimizing RT-PCR
reaction in detecting PNRSV.
Materials and methods
Plant and virus source
A cherry isolate of PNRSV was used as the ref-
erence isolate. The virus was transmitted to two
healthy Prunus mahaleb plants. One of the plants
was maintained outside and the other was kept in
a growth chamber. Inoculated plants served as a
virus source during the trials. Leaf tissues of one-
year-old shoots of systemically infected P. mahaleb
were used in the RT-PCR assays.
Plant total RNA extraction and synthesis of
complementary DNA (cDNA)
Total RNA was recovered with silica based meth-
od according to Foissac et al., (2000). Oligonucle-
otide primer sequences (Primer I: 5’-TACCTCTA-
GATCTCAAGCAG-3’, Primer II: 5’-GAGCTCT-
GGTCCCACTCAGG-3’) reported by Spiegel et al.,
(1999) were used to perform RT-PCR to detect
PNRSV. The amplified fragment was 616 bp in
length. The sequence of reverse complementary
primer I was used for viral cDNA synthesis.
PCR amplification of cDNA
One µl of cDNA was mixed with 24 µl of the
amplification mixture containing 2.5 µl of the 10
reaction buffer (200 mM Tris-HCL, pH 8.4, 500 mM
KCl) 1.5 µl of MgCl2 (25 mM), 0.5 µl dNTPs (10
mM), 0.5 µl of each primer (100 pmol µl-1), 0.2 µl of
Taq DNA polymerase (Cat. No. M1661, Promega
Corporation, Madison, WI, USA) and 17.8 µl of
RNase free sterile water. Initial denaturation was
at 94°C for 3 min and followed by 40 cycles of de-
naturation at 94°C for 30 sec, annealing at 58°C
for 30 sec, 72°C for 1 min and a final extension at
72°C for 5 min. Ten µl of amplified PCR product
was analyzed by agarose gel electrophoresis and
ethidium bromide staining. While one of the PCR
parameters was increased stepwise the others were
kept constant to determine the optimal PCR pa-
rameters.
Results
A series of PCR parameters and strategies to
optimize detection of PNRSV by RT-PCR were stud-
ied. The standard conditions were principally used
to provide the starting ones for designing new RT-
PCR amplification to detect PNRSV. A prerequi-
site for the amplification of a complementary DNA
(cDNA) of viral RNA was the titration of the mag-
nesium ion (Mg+2) concentration. Every parame-
ter was kept constant and only the concentration
of Mg+2 was allowed to vary. In all Mg+2 concentra-
tions tested, ranging from 1.0 mM to 4.0 mM, frag-
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ments of the expected size were obtained (Fig. 1a).
Mg+2 concentration clearly affected both the quali-
ty and the quantity of the amplified fragments. The
optimum MgCl2 concentration was between 1.25
and 2.5 mM (Fig. 1a).
At cDNA template quantities between 36 and
360 ng 50µl-1 reaction mixture a slight difference
was observed; however, below 36 ng the amount of
PCR products was decreased. As appears from Fig.
1b at least 360 ng of cDNA was needed for a better
amplification yield.
Primer concentration significantly influenced the
PCR products. The most conspicuous result was
obtained when the primers were diluted to 1:500,000
corresponding to a concentration of 0.0002 pmol µl-1
concentration. In other words, the quantity of am-
plified fragments increased when the primer con-
centration was gradually decreased. As seen in Fig-
ure 2a the standard primer concentration (lane 1)
increased the probability of spurious priming and
caused the generation of primer dimers (white ar-
row at lane 1). A substantial surplus of primer there-
fore even led to a reduction in the amplification yield.
The optimum primer concentration was thus be-
tween 0.0002 and 0.2 pmol µl-1.
In order to minimize misincorporations, equiv-
alent concentrations of four dNTPs were used in
the trials. The lowest dNTP concentration very
strongly reduced PCR yields (Fig. 2b). With the
lower concentrations of dNTPs it was not possible
to obtain a considerable specificity in the PCR sys-
tem. The best results were at 10 mM of each dNTP.
Concentrations of dNTP lower than 10 mM allowed
PCR amplification but with visibly lower amounts
of products.
Optimum enzyme concentration was between
0.0625 and 2 units µl-1. As can be seen in Figure 3,
in lane 1 the high enzyme concentration increased
the amount of non-specific background products
(conspicuous in lane 1, Fig. 3) while enzyme con-
centrations that were too low resulted in insufficient
amount of the desired products (lanes 7 and 8).
Fig. 1. Mg+2 concentrations (a) and amount of cDNA (b) as template in RT-PCR reactions. M, molecular size markers.
Fig. 2. Electrophoretic analysis of RT-PCR products deriving from different primer (a) and dNTP concentrations (b).
M, molecular size markers.
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To determine the sensitivity of the optimized
concentrations (Table 1) in the RT-PCR system,
PNRSV-infected growth-chamber and field-grown
P. mahaleb plants were simultaneously used in the
amplification of viral genome. As shown in Fig. 4a
and b the corresponding PCR products of the cor-
rect size were detected in both the field and growth-
chamber plants. The success of the optimized con-
centrations in the RT-PCR tests was verified by
obtaining satisfactory amplification products from
both conditions (Fig. 4a and b).
Discussion
To optimize the RT-PCR method in the detec-
tion of PNRSV leaf samples of P. mahaleb were
chosen. These samples had previously been used
in standard two-step RT-PCR reactions. It has re-
cently been demonstrated that RT-PCR is a useful
and rapid diagnostic tool for the management of
the PNRSV in stone-fruit orchards (Malinowski,
1997; Rosner et al., 1997; Mekuria et al., 2003).
The optimized, relatively simplified RT-PCR al-
lowed the reliable detection of PNRSV with high
yield. There is obviously no single set of conditions
that can be applied to all PCR amplifications.
Therefore, in trying different concentrations of the
main PCR parameters, the RT-PCR detection of
PNRSV was optimized. Optimized parameters
Fig. 3. Electrophoretic analysis of RT-PCR products de-
riving from different Taq DNA polymerase concentra-
tions. M, molecular size markers.
Table 1. Optimum concentrations of PCR parameters obtained throughout the RT-PCR reactions.
Concentrations or amounts
Main parameters Standard Optimized
dNTP 10 mM 10 mM
Primers 100 pmol µl-1 0.001 pmol µl-1
MgCl2 1.5 mM 1.75 mM
cDNA 700–800 ng ~360 ng
Taq DNA polymerase enzyme  2 units  0.5–1 unit
Fig. 4. Optimized PCR amplification to detect PNRSV from field (a) and growth-chamber (b) grown plants.
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proved to be a valuable and cost effective-tool for
monitoring the emergence of PNRSV in its host
plants.
The optimization of Mg+2 is a critical factor since
Taq DNA polymerase is magnesium-dependent. In
addition, Taq DNA polymerase, the template DNA,
the primers and dNTP all bind Mg+2. Therefore the
optimal Mg+2 concentration will depend on the
dNTP concentration, the specific template DNA,
and the sample buffer composition. Excessive Mg+2
stabilizes the DNA double strand and prevents
complete denaturation of DNA, reducing yield.
Excessive Mg+2 can also stabilize spurious anneal-
ing of the primers to incorrect template sites, de-
creasing specificity (Markoulatos et al., 2002). Al-
though gradually increasing the Mg+2 concentra-
tion can improve the reaction, for optimal PCR yield
a concentration of 1.25–2.5 mM Mg+2 is recom-
mended. Markoulatos et al. (2002) reported that
the optimal combination of Mg+2, amount of tem-
plate DNA, primer, dNTP and Taq DNA polymer-
ase enzyme concentrations was essential in any
PCR to obtain highly specific amplification prod-
ucts. It should be noted that the primer, dNTP and
Taq DNA enzyme concentration seem to be much
more important in obtaining a specific high yield
of PCR products.
A concentration of primer and Taq DNA
polymerase enzyme lower than the standard con-
centration is recommended to avoid the formation
of primer dimers and a dirty background. This will
ensure a relatively clear background in the ethid-
ium bromide stained gel lanes. In our experiments,
it was found that when the enzyme concentration
was too high, nonspecific background products ac-
cumulated and when it was too low, the amount of
desired products was insufficient. The recommend-
ed concentration range for Taq DNA polymerase
was between 0.5 and 1 unit per 50 µl reaction when
other parameters were optimal. However, Innis and
Gelfand (1990) reported that the enzyme require-
ments may vary with individual target templates
or primers. A primer concentration over 100 pmol
µl-1 tends to reduce the amplification yield. In prac-
tical terms, as was the case with primer concen-
tration, an increase in cDNA copies was by a de-
crease in the detection of the viral agent.
The results indicate that optimized PCR param-
eters detected PNRSV with high reliability using
a two-step RT-PCR reaction; and gave greater sen-
sitivity that did the standard RT-PCR. In general,
the optimized concentrations specifically, sensitive-
ly and efficiently amplified the viral genome of
PNRSV, which is considered one of the character-
istics of a qualitative PCR reaction.
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